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FOREWORD 
A hydraulic model investigation of the Pump Intake Structure of the Dorchester Levee, City 
of Grand Prairie, Texas was conducted in the Hydraulics Laboratory of the School of Civil 
Engineering of the Georgia Institute of Technology. 
The investigations were performed in the Hydraulics Laboratory of the Georgia Institute 
of Technology under the supervision of Professor C. S. Martin . 
The model was constructed in the Shop of the School of Civil Engineering by Mr. Otis 
Tucker, Mr. Scott Williams, Mr. John Hutwanger, and Mr. Mingt Thein. The calibration of flow 
meters and the collection of model data were conducted by Mr. Thein under the supervision of 
Professor Martin. 
The assistance and advice given by Mr. Jack Claxton of Patterson Pump Company in the 
course of the investigation is gratefully acknowledged. 
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A hydraulic model study of the Pump Intake Structure of Dorchester Levee, City of Grand 
Prairie, Texas was conducted in the Hydraulics Laboratory of the School of Civil Engineering of the 
Georgia Institute of Technology. The model was constructed at an undistorted scale of 1:8 and 
operated on the basis of the Froude Law of hydraulic modeling. Tests were conducted to determine 
the flow pattern approaching the Pump Intake Bay and the velocity distribution within the intake 
bay itself. 
Observations of the flow pattern utilizing dye injection and the shape of the free water 
surface were made at 150% of design flow. Detailed documentation of the flow distribution within 
the Pump Intake Bay was obtained by measurement of the velocity distribution, employing a 
miniature current meter. 
The model performed very well hydraulically, with no indication of strong vortices within 
the Pump Bays. 
There are recommendations for alteration of the design of the Pump Intake Structure. 
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INTRODUCTION 
A hydraulic model of the Pump Intake Structure of the Dorchester Levee, City of Grand 
Prairie, Texas was built in the Hydraulics Laboratory of the School of Civil Engineering of the 
Georgia Institute of Technology. The model was constructed at an undistorted scale of 1:8 and 
operated on the basis of the Froude Law of hydraulic modeling. The model was constructed from 
the laboratory floor up using plywood, wood, fiberglass, and Plexiglass materials. The model was 
built to scale using drawings furnished by Patterson Pump Company and Albert H. Halff Associates. 
Tests were conducted to determine the flow pattern approaching the Pump Intake Bay and 
the velocity distribution within the intake bay itself. Observations of flow patterns were performed 
for various combinations of pumps operating at both high and low water intake levels. 
In this report the consideration of model selection, model limitations, and the final choice 
of model scale will be initially discussed. A description of the construction methods, the testing 
procedures and the results will be presented. 
HYDRAULIC MODELING LAW 
For pump intake investigations the Froude Law is by far the most important in the 
prototype as the effects of viscosity and surface tension are considered negligible. The hydraulic 
model should be designed such that the effects of viscosity and surface tension do not affect its 
results. This is accomplished by choosing a model scale as small as possible. The Froude Law, which 
relates gravitational and inertial forces yields the following expressions for length ratios and flowrate 
ratios between prototype and model: 
Scale Ratio : 4 = Lr/LM 
Head Ratio: Hp = HM LR 
For this 1:8 scale model, LR = 8, and QR = 825 = 181. This flow ratio was used for the 
setting of model flow rates, except that the maximum flow for the simulated model pumps was in 
1 
accordance with accepted practice, 150% of that dictated by the Froude Law. Therefor , the flows 
for the simulated pumps were either 0.00552 of the prototype value (100%) or 0.00829 (150% ). 
MODEL DESCRIPTION 
The design of the approach channel and the three pump intake bays is shown on Figures 
1 and 2. Figure 1 is a plan view of the Intake Basin, while Figure 2 is a profile view of the Intake 
Bays or Pump Pits for Pumps Band C, respectively. In order to operate down to water levels as low 
as 416.0 ft, the bottom of the pump cell for Pump A is 412.0 ft. The design flow for Pump A is 5,000 
gpm. For the other two pumps--Band C --the bottoms of the cells are set at elevation 413.0 ft. 
Each of these two pumps have a design flow of 10,000 gpm. 
The Basin of Pump Intake Structure shown on Figure 1 was constructed out of plywood, 
structural wood, and fiberglass. Figure 3 is an oblique view of the Basin, the Pump Bays, and the 
siphon necessary to simulate the pumps. The walls of the Pump Intake Bay were constructed out 
of Plexiglass to view the water motion into and around the pump models. Water entered the Basin 
the model (rear part of Figure 3) through a 6-inch pipe containing six small 2.5-inch vertical pipes 
for flow distribution. The flow entering the Basin was smoothed out by a long vertical perforated 
plate. A weir-type gate with a height contro!Jing mechanism was installed in the Head Tank of the 
upstream end of the model to set the water level required for each test. The three pumps were 
simulated by siphoning water at the required rate back into the laboratory sump. A view of the 
simulated pumps is indicated by the photograph of Figure 4. 
The pump intake structure, consisting of dividing wall, outside pump structure wall, and 
discharge piping, was constructed out of Plexiglass. The suction bell curvature supplied by the 
manufacturer was molded from acrylic. A vortometer constructed of four radial vanes was mounted 
on a shaft with bearings in order to have a relative measure of vorticity and/or asymmetric flow 
through the three larger simulated pumps. 
The operation of the model was accomplished as follows. By submerging the discharge end 
of the siphon the piping was primed by means of a vacuum pump. After a few minutes the siphon 
could be completely primed, allowing the required flow to be set using control valves on each 
siphon. The flow could be set to 100% or 150% pump capacity by adjusting each valve until the 
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Figure 1. Plan View of Pump Intake Design 
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Fjgure 2. Profile View of Pump Intake Desjgn for Pump Bays B and C 
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Figure 3. Oblique Photograph of Model 
Figure 4. Front View of Model Pumps 
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MEASURING EQUIPMENT 
The model consisted of a sump, pumps, distributing pipes with flow-control valves and flow 
meters. The flow measuring devices used for the model were of the differential-pressure type --
elbow meters. These flow meters were calibrated in situ utilizing a weir in the Hydraulics 
Laboratory. 
The flow through each pump was determined by the use of differential air-water 
manometers connected to each elbow meter. The pump effluent was measured by the elbow meters 
on the discharge of the model pumps in the siphon. For the model the water level was set and 
monitored with scales attached to the walls of the Basin and the Pump Intake Bays. 
A miniature current meter was utilized to measure the distribution of velocity within the 
Pump Intake Bay. This propeller-type meter was calibrated in an horizontal flume with known 
velocities. 
TEST RESULTS 
The plan and profile of the Pump Intake design tested are shown on Figures 1 and 2. Figure 
1 and 2 illustrate the details of the Pump Intake Structure and the two pump pits. The inside floor 
of the Basin was placed at elevation 416.0 ft. The range of water level elevations in the Pump Basin 
to be tested varied from 422.0 ft (minimum for Pumps Band C) to 439.0 ft (maximum for all three 
pumps). Inasmuch as there was minimal vortometer rotation and free surface disturbance at the 
maximum water surface elevation of 439.0 ft, the majority of the tests were conducted at the 
minimum elevation of 422.0 ft for the two large pumps. Moreover, the flows were generally set at 
150% in order to investigate any possible scale effect related to the relaxation of the Reynolds 
number law. 
Observations 
Initial testing was conducted, principally at the normal water elevation of 422.0 ft, for the 
purpose of visualizing rotation of the vortometers, water level difference across the intake, and dye 
patterns indicating flow distribution. Indeed, most of the testing for the initial design was 
observational and qualitative. For these tests the individual pump flows were set at the nominal 
rates of 10,000 gpm (100% for Pumps B and C) or 15,000 gpm (150% for Pumps B and C). For 
Pump A the corresponding flows were 5,000 gpm and 7,500 gpm, respectively. 
Initially, exploratory tests were run by visualizing dye patterns and direction and severity of 
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rotation of the vortometers installed in the Pump Bays of two larger pumps B and C. Various 
combinations of three, two, and single pump operation were tested at 100% and 150% flow and at 
intake levels of 422.0 ft and 439.0 ft. Figure 5 illustrates the dye pattern for flow approaching the 
Pump Bays for Pumps A, B, and C operating at 150% capacity. The flow pattern in the approach 
was generally uniform across the intake. 
Figure 5. Distribution of Dye In Approach for Pumps A, B, and C Running 
(150% Design Flow and Water Elevation 422.0 ft) 
Observations of vortometer activity were made for three pump, two pump, and single pump 
operation with the water level at 422.0 ft and at 150% capacity. Hence, there were four 
combinations of pumps -- A, B, and C ; B and C; B; and C. 
For all three pumps operating at 150%, the vortometers very seldom turned. The turning 
was sporadic and intermittent. For example, Vortometer A would stop rotation for 12 seconds 
(prototype units), turn counterclockwise for 2 seconds, then stop for another 12 seconds, followed 
by another similar cycle. Vortometer B tended to go through a cycle of no motion for 6 seconds, 
counter clockwise motion for 4 seconds, no motion for 8 seconds, counterclockwise motion for 1 



























Velocity Distribution across Pump Boy B 
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Figure 6. Velocity Distribution within Pump Intake Bay B with Pumps A, B, and C Running 















Velocity Distribution across Pump Bay C 
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Figure 7. Velocity Distribution within Pump Intake Bay C with Pumps A, B, and C Running 
(150% Design Flow and Water Elevation 422.0 ft) 
For two pump operation (Pumps B and C) the velocity distribution is somewhat skewed, as 
shown by Figures 8 and 9. Finally, Figures 10 and 11 show the velocity distribution for operation 
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Figure 8. Velocity Distribution within Pump Intake Bay B with Pumps B and C Running 















Veloc ity Distribution across Pump Boy C 
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Figure 9. Velocity Distribution within Pump Intake Bay C with Pumps B and C Running 






Velocity Distribution across Pump Boy 8 
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Figure 10. Velocity Distribution within Pump Intake Bay B with Pump B Running 
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Figure 11. Velocity Distribution within Pump Intake Bay C with Pump C Running 
(150 % Design Flow and Water Elevation 422.0 ft) 
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CONCLUSIONS 
The hydraulic model study of the Dorchester Levee Pump Intake Structure showed that the 
t1ow into the pump bays was relatively uniform for three, two, and one pump operation. There was 
no significant vortex activity under the range of operating conditions as severe as three pumps 
running at 150% of design t1ow and at the lowest intake water level of 422.0 ft. 
Because of relatively uniform t1ow and no vortex activity on the free surface~_tli'ere are no 
recommendations for design modifications of the structure. 
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